Ambient NO 2 levels in Canada currently vary between 1.16 and 14.96 ppb, with the national average being 8.43 ppb. Mann-Kendall long-term trend analysis indicates that NO 2 levels have significantly decreased at 87% of sites. Declining transportation emissions have had the largest influence on decreasing NO 2 levels. Changepoint detection shows that legislated transportation emissions reductions lead to subsequent decreases in NO 2 levels. There is~2 years of lag between emissions reductions and the reporting of reductions. 
Introduction
Atmospheric nitrogen dioxide (NO 2 ) is associated mainly with emissions from transportation and industrial sources, specifically from combustion-engines. Ambient NO 2 concentrations are primarily derived from secondary oxidation reactions of nitrogen oxides (NO Â ) in the atmosphere (Mavroidis and Chaloulakou, 2011) . Nitrogen dioxide is a strong oxidizing agent, reacting with hydroxyl radical (OH) in the atmospheric to form nitric acid (HNO 3 ), which can directly contribute to acidification (Bouwman et al., 2002) . Nitric acid is also a component of smog, and can directly impact human respiratory health (Latza et al., 2009) .
Canadian air monitoring networks (e.g., National Air Pollution Surveillance (NAPS) Program) have been established to monitor and assess ambient atmospheric pollutants, including NO 2 . These networks are used to determine spatial and temporal patterns, to monitor atmospheric levels and warn of potential health or environmental impacts, and to help determine policy changes. Increasing awareness of the health and environmental impacts associated with nitrogen (N) emissions have lead to national, and international, regulations and agreements to control emissions. Agreements such as the Canada-U.S. Air Quality Agreement, and the Clean Air Act, limit the amount of N that is being emitted and transported across international boundaries. Similarly, regulations such as the Canadian On-Road Vehicle and Engine Emission Regulations (SOR/2003-2) , directly control NO Â emission from transportation and industry.
It is important to evaluate how pollutant levels have responded to policy change to determine the efficacy of these legislative decisions. However few studies have assessed long-term air quality in Canada or trends for NO 2 , as monitoring data is primarily used to report current pollutant levels, and to deliver real-time air quality and health information. The objective of this study was to assess the long-term response of ambient air concentrations of tropospheric NO 2 across Canada to emissions regulations.
The non-parametric Mann-Kendall test was used to determine monotonic trends in the annual average concentration of NO 2 across Canada during the period 1988e2013. In addition, changepoint detection was preformed to determine significant changes in time-series NO 2 air concentration and emissions data. We specifically ask two questions (1) how quickly do air concentrations respond to legislated emissions reductions, and (2) what emissions sources are the principal driver of atmospheric change?
Methods

Study sites
The NAPS Program has 286 stations (as of 2014) located in 203 communities across Canada. The network covers all provinces and territories, and stations are selected to be representative of the Canadian population (Environment Canada, 2014) . NAPS stations are primarily used to monitor air quality and to provide an air quality health index measurement; as a result sites are mainly located in populous, urban areas. In addition, a large proportion of NAPS sites are located in Southern Ontario and Quebec (Fig. 1) , along the country's largest and busiest highway. There are 137 NAPS stations with atmospheric NO 2 data available during the period 2009e2013. In this study, these sites were selected to represent current NO 2 levels across Canada (current sites). Further, stations that had !90% data completeness for a minimum of 10 years, between 1988 and 2013, were selected for long-term trend analysis (long-term sites). Data series from several monitoring stations were combined into one unified data time-series to accommodate data gaps. These stations were geographically close together, and had overlapping data windows within the same year; this indicated that one site had opened, and another closed, during a calendar year. This yielded 63 long-term sites for trend analysis across Canada (Fig. 1) .
Data sources
Data were obtained from the NAPS Program (www.ec.gc.ca/ rnspaenaps). The Program monitors ambient atmospheric NO 2 in real-time, with concentrations in parts per billion (ppb) recorded every hour using chemiluminescence analyzers (Environment Canada, 2014) . Nitric oxide (NO) and NO Â (NO þ NO 2 ) are measured together at each site, then NO Â is reduced and NO 2 levels are calculated using subtraction. All available data during the period 1988e2013 for all the stations in Canada was downloaded for examination in this study.
The data were examined to determine eligibility for current NO 2 levels in Canada. Only stations that had at least one annual data value during 2012e2013 were retained (n ¼ 137). The data were further examined to determine the data window for long-term trend analysis. The criterion for inclusion was at least 10 years of monitoring data during the period 1988e2013. The data were also examined for completeness; only years that had !90% completeness were retained for long-term trend analysis. Quarterly data were processed in a similar manner. After checking for data completeness, each station's hourly data was split into threemonth periods (representing quarters), for each year of the data time-series. Quarters were determined as:
Provincial and national population data were obtained from Statistics Canada (www.statcan.gc.ca). Nitrogen oxide emissions data were obtained from Environment Canada (www.ec.gc.ca/ indicateurs-indicators), and land-use type for each monitoring station was obtained from the NAPS data (included in the metadata for the sites).
Data analysis
The current annual average levels of ambient NO 2 nationwide were determined for the period 2009e2013 (five-year annual average) for each station (137 current sites). The average, median, and 5th and 95th percentile NO 2 concentration was calculated for each province/territory. The coefficient of variation (COV), i.e., standard deviation divided by the mean and multiplied by 100, was also calculated.
The annual average concentration at each of the long-term sites was calculated; hourly NO 2 concentration data for the entire year were averaged into one annual average value per year, per site, for the period 1988e2013. Similarly, quarterly average values were calculated; the hourly NO 2 concentration values were averaged for each site, for each quarter, per year.
The Mann-Kendall non-parametric test (Mann, 1945) was used to assess monotonic trends in the average annual air concentration of NO 2 at the 63 long-term NAPS monitoring sites, during the period 1988e2013. The Mann-Kendall test is a non-parametric test used to determine if time series data exhibits an increasing, or decreasing trend. It is not dependent on assumptions of distribution, missing data, or irregularly spaced monitoring periods, and as such is useful for long term atmospheric pollutant monitoring data, which is often non-normal, missing data, and has inconsistent periods of data collection. The Mann-Kendall statistic has been used widely to assess long-term trends in atmospheric concentrations (Chaudhuri and Dutta, 2014; Hole et al., 2009; Saylor et al., 2015; Zbieranwski and Aherene, 2011) . The long-term sites were also split up into provinces, and the long-term trends were assessed for each province individually.
The trend slope was estimated using the non-parametric Sen's method (Sen, 1968 ). Sen's slope is a non-parametric alternative to estimate the linear slope for a univariate time series. It is insensitive to outliers, and does not require a normal distribution of residuals. Significance was assumed at 5% (±1.96; p < 0.05) for this analysis. The quarterly data were assessed in the same manner; a MannKendall test and Sen's slope estimate were produced for each of the sites, for each quarter of the year.
Mann-Kendall and Sen's slope analysis was also preformed on long-term national emissions data; total NO Â emissions, transportation emissions, and off-road vehicle emissions for Canada, from 1990 to 2013. These data were compared to the concentration data at the 63 long-term NAPS sites during the same time period (1990e2013). The trend analyses were applied to the period 1990e2013, as emissions data were only available during this timeframe. All trend results, significant and non-significant, are presented.
Multiple changepoint detection (Killick and Eckley, 2014 ) was preformed in R (version 3.2.2) using the changepoint package and the Binary Segmentation method (Killick and Eckley, 2014) . Changepoint detection determines the point at which the statistical properties of a sequence of observations change, and binary segmentation is a technique applied to multiple changepoint detection. It involves searching the entire dataset for one change-point (via a CUSUM-like procedure), then splitting the data into two 'new' data sets at this change point. The two new data sets are then searched for a change-point, and if one is detected, the data are split again. This procedure continues until a certain criterion is met.
Changepoint analysis was run on the long-term annual concentrations of NO 2 ; the average annual concentrations for each site were combined to create an average annual national value for each year. Changepoint detection was also carried out on national total emissions of NO Â (kt), national total emissions from transportation (kt), and national total emissions from off-road vehicles (kt).
Linear regressions on emissions and NO 2 concentration data were run in R (version 3.2.2), to determine which of the emissions variables had the largest influence on air concentrations.
Results
Current nitrogen dioxide air concentrations in Canada
During the period 2009e2013, the provinces with the highest average NO 2 air concentrations were British Columbia (9.25 ppb; n ¼ 30) and Ontario (9.25 ppb; n ¼ 35), with Quebec (8.47 ppb; n ¼ 20) and Alberta (8.47 ppb; n ¼ 33) close behind (Table 1; Fig. 1 ). In contrast, the province with the lowest average concentration of NO 2 was Newfoundland and Labrador (3.77 ppb; n ¼ 3), with New Brunswick, Northwest Territories and Manitoba all showing similar low concentration levels. Most of the provinces, except the Northwest Territories, Saskatchewan, and Manitoba, showed large ranges (3.62e13.8 ppb) and variation (>24%) in the amount of NO 2 measured across the sites (Table 1) . Ontario also had the highest individual annual NO 2 concentration (14.19 ppb), from a commercial site in downtown Toronto, while Newfoundland and Labrador had the lowest individual station concentration (1.31 ppb). The average NO 2 air concentration Canada-wide was 8.43 ppb, with a range of 1.31e14.19 ppb.
In general, the provinces with the largest populations had the largest number of stations (Table 1) ; however, three provinces/ territories (Prince Edward Island, Nunavut, and the Yukon) were not represented in the data, i.e., they did not have a NAPS station monitoring NO 2 during 2012e2013 but did have stations monitoring other air pollutants. The locations of the monitoring stations are clustered around the large population centres ( Fig. 1 ) to capture population exposure, rather than an even geographic coverage of the country. The majority of the stations were located in residential areas (54%), followed by commercial (26%), agricultural (11%), and industrial (6%) areas. The patterns of land-use types were similar within provinces, except that the majority of the industrial sites (5 of 8) were located in Alberta, and the only types of sites in Saskatchewan were commercial ones. The stations with the highest twenty-five concentrations were dominated by residential areas (44%) but had a higher proportion of sites within commercial (32%) and industrial (16%) land-use types.
Long-term annual trends in nitrogen dioxide across Canada
Since 1988 annual average atmospheric NO 2 concentrations have steadily decreased across Canada (Fig. 2) . Nationally, the average concentration of NO 2 deceased by 47% (9.7 ppb) during the period 1988e2013. Long-term NO 2 data were available for 63 stations (Table 2) All provinces showed significant decreases from 1988e2013 (see Supporting Information, Table SI2 ). The Z statistics for all provinces, except Newfoundland (Z ¼ À2.18), were between À4.94 (Ontario) and À6.48 (British Columbia), and the Sen's slope estimates ranged between À0.22 (Saskatchewan) and À0.51 (Alberta). In general the more populous provinces had higher slope estimates, À0.42 to À0.51 (OntarioeAlberta), and the less populous provinces had slightly smaller Q's, 0.22 to À0.35 (SaskatchewaneManitoba). In addition, the less populous provinces had fewer stations with long-term data, and the lowest number of years with available data (e.g., Newfoundland had one station with 15 years of data). Nonetheless, all estimates were fairly similar and showed similar rates of declining pollutant level across the country.
The average Canada-wide NO 2 concentrations also showed a strong linear decrease over time (Fig. 2) ; the trend line showed a linear decrease of 0.42 ppb yr
À1
, for a total national decrease of approximately 10 ppb in ambient NO 2 during the period 1988e2013 (26 years). The Mann-Kendall trend analysis showed the same results; there was a significant decease in concentration of NO 2 (Z ¼ À6.32), with an annual decrease of 0.43 ppb (Q ¼ À0.43; Table 3 ), during the period 1990e2013 (24 years, consistent with emissions data period). Table 1 The population (Â1000) for each province/territory during 2013, the proportion of the population for each province/territory, the number of National Air Pollution Surveillance (NAPS) Program stations monitoring nitrogen dioxide (NO 2 ), the proportion of NAPS sites for each province/territory, and summary statistics for current (2009e2013) NO 2 air concentrations (ppb) in Canada (n ¼ 137). The mean, and median NO 2 concentration (ppb), the 5th percentile, and 95th percentile, and the coefficient of variation (COV %) for each province (n ¼ 8), territory (n ¼ 1) and Canada-wide are shown. 
Quarterly long-term trends
Quarterly trend analysis showed similar results to annual trends. Significant decreases occurred at 81% (Q1: JanuaryeMarch), 84% (Q2: AprileJune), 81% (Q3: JulyeSeptember), and 77% (Q4:
OctobereDecember) of the sites (Table 3 ). Despite differences in quarterly concentration ranges (Table 3) , all four quarters showed similarly decreasing NO 2 levels, with 50e60% overall decrease in NO 2 air concentrations from 1988 to 2013.
Quarterly long-term trend analysis showed several sites with [AB] had an insignificant increasing trend in all four quarters. These increasing trends sites were consistent across quarters, and all sites were located in the province of Alberta.
Long-term emissions and changepoint analysis
In 2013, transportation accounted for 43% of total NO Â emissions, and off-road vehicles for 12%, nationally. Total emissions of NO Â in Canada have decreased by 794.9 kt, a 32% decrease, during the period 1990e2013 (Fig. 3) . Moreover, total transportation emissions of NO Â have decreased by 531.4 kt, a 37% decrease, and total off-road vehicle emissions have decreased by 181.9 kt, a 42% decrease from 1990 to 2013 (Fig. 3) .
There was a slight increase in the total emissions of NO x between 1995 and 2000. This corresponds to an increase in the emissions from off-road transportation, fuel use (for electricity and heating), and from the oil and gas industry. These industries make up smaller portions of the total NO x emissions, but all showed increases in this time period that caused the slight increases in total NO x emissions. Off-road transportation and fuel use emissions have since declined and show decreasing Mann-Kendall trends. The oil and gas industry's emissions have steadily increased over time, but as the total NO x emissions levels have significantly decreased during the same period, the influence of this trend is minimal.
Mann-Kendall monotonic trend analysis indicated significant decreasing trends in total NO Â , transportation, and off-road vehicle emissions from 1990 to 2013 (Table 4) . These trends corresponded to significant decreases in ambient NO 2 levels.
Changepoint analysis showed three significant changepoints in the average annual concentration of NO 2 from 1990 to 2013 (Fig. 4A) : 1997, 2003, and 2009 . Changepoint analysis also resulted in three significant changepoints for total national emissions (2001, 2005, 2008) , total national transportation emissions (1995, 2002, 2007) , and for total national off-road vehicle emissions (1994, 2000, 2010) for the time period 1990e2013 (Fig. 4B, C, D) .
Linear regression indicated that all three emissions categories (total NO Â emissions, transportation NO Â emissions, and off-road vehicle NO Â emissions), had a significant impact on the decline of ambient NO 2 (Table 5) ; p values < 0.05. The models also showed that the most influential variable was emissions due to transportation (R 2 ¼ 0.96, AIC ¼ 57. 4. Discussion
Current NO 2 and long-term trends
Current ambient NO 2 levels vary across Canada (COV ¼ 33%). In general, places with higher populations also showed higher annual average concentrations of NO 2 , i.e., Ontario has the highest population, 13,551,000, and the highest current level of NO 2 (9.25 ppb, Table 1 ). The average ambient concentration of NO 2 nationwide was~8.4 ppb. This is consistent with NO 2 levels in the United States, which were~10 ppb in 2010 (U.S. Environmental Protection Agency, 2012). In contrast, the average annual NO 2 level in London, United Kingdom, was 26.04 ± 12.86 ppb for 2013 (London Air Quality Monitoring London Air Quality Network, 2015). As such, Canada has comparable levels of atmospheric NO 2 to the geographically similar United States, but considerably lower levels than similar industrialized cities (highest station average in Canada was 14.96 ppb).
In general, monitoring sites are located in high population (urban) areas, in order to assess air quality for human health purposes; these sites are the most effective in terms of evaluating population exposure, and health impacts. However, this does not allow for a comprehensive national picture, as monitoring stations tend to be clustered together and do not cover large geographic portions of the country (see Fig. 1 ). Nonetheless, it can be assumed that the unmonitored regions have lower concentration levels, in the <3 ppb range (similar to the few remote, northern stations' levels). These stations are far from vehicular (transportation) sources; NO 2 levels have been shown to decrease with distance from roads (Shishir and Patil, 2001) , and average concentrations of NO 2 have been shown to be highest near streets (Keuken et al., 2012) . As such, the unmonitored regions would have little to no known human health impacts from NO 2 , but this does not take into account any potential secondary or environmental impacts. Further, these vast unmonitored areas do not capture a full picture of possible transboundary air pollution. However, observations from the Canadian Air and Precipitation Monitoring Network (CAPMoN), which measures atmospheric pollution levels in rural (background) areas of Canada, has similarly shown that reactive nitrogen has decreased in 1995, 2002, 2007 (C), and in 1994, 2000, 2010 (D) . Red horizontal lines indicate a consecutive period of years where no significant changepoint occurred. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) Table 5 Linear regression for three emissions source categories against the concentration of nitrogen dioxide (ppb). The model coefficient for each variable, t statistic, p value, the adjusted R 2 value, and the Akaike Information Criterion (AIC) are given for each model.
Emissions sources (kt) Coefficient T value P value R 2 AIC National (all sources) 9.9 Â 10 background regions during the period 1988e2007 (Zbieranwski and Aherene, 2011 (Lamsal et al., 2015) . Smaller changes in ambient NO 2 have been observed in areas like Athens, Greece (Mavroidis and Chaloulakou, 2011), where NO 2 concentrations have deceased by 11% from 1987 to 2008, and moderate changes in atmospheric NO x have been observed in Beijing, China (UNEP, 2015) . In contrast, increased atmospheric levels of NO 2 have been observed in areas of Europe where diesel powered engines make up a larger portion of the vehicle fleet (Carslaw et al., 2011) . In many European countries the number of diesel passenger vehicles has increased during the past 15 years (>50% in many countries), which has lead to differing patterns in NO x and NO 2 measurements at road-side sites. However, in Canada only~5% of the total on-road vehicles, 3% of passenger vehicles, are diesel-powered engines (Natural Resources Canada, 2009 ).
Long-term trend analysis indicated that 97% of the 63 stations with NO 2 observations from 1988 to 2013 showed a decreasing trend (87% significantly decreasing). Only two stations showed an increasing trend, and both were non-significant; sites 090701, (AB) and 050102 (ON). Site 050102 did not have observations after 2000; nonetheless, it is surrounded by several other sites with longer data windows (050103, 050109, 050110, 050115, and 050116) , which all showed a significant decreasing trend. Site 090701 is located in Fort McMurray (AB), where the recent vehicular and commercial activities of the Athabasca Oil Sands Region have caused an increase in NO Â emissions (1000 t yr
À1
; Bari and Kindzierski, 2015) . This increase has been found to lead to a <1 ppb yr À1 increase in the NO 2 levels surrounding Fort McMurray during the period 1998e2012 (Bari and Kindzierski, 2015) . This is consistent with the findings of this study, which found an increase of 0.4 ppb yr À1 ambient NO 2 from 1988 to 2013. Quarterly trend analysis showed that the same sites had increasing trends, and that all the sites with increasing trends were located in the province of Alberta, near the oil sands region. This is consistent with the pattern of increasing long-term concentration levels seen in the annual average concentrations.
Emissions and changepoint detection
Nitrogen oxide emissions, and the ambient concentration of NO 2 , have decreased in Canada between 1990 and 2013. The total NO Â emissions in Canada declined by 32% from 1990, while the total emissions of NO Â in the United States declined by 51% since 1990 (US EPA, 2012). These declines can be attributed to legislative and technological changes, i.e., the introduction of catalytic converters, which has resulted in a 42% decrease in NO Â emissions from transportation since 1990, and the Canada-US Air Quality Agreement that was put into place in 1990. Emissions reductions from transportation (road, rail, air, and marine) sources have had the greatest impact on ambient NO 2 concentration in Canada. In addition, the 51% decrease in NO Â emissions in the US has contributed to the decrease in ambient concentrations of NO 2 in Canada. Previous studies have shown the importance of US emissions sources on air quality in Canada (Vet and Ro, 2008) , with NO Â emissions sources in the eastern US responsible for > 60% of the nitrate deposition in eastern Canada during the 1990s.
The decreasing concentration of ambient NO 2 was significantly influenced by declines in total NO Â emissions, NO Â emissions from transportation, and NO Â emissions from off-road vehicles (Table 5) . However, the decline in NO Â emissions from transportation had the largest impact on the decline in ambient NO 2 (Table 5) , and moreover, these declines were consistent with the significant changepoints in ambient NO 2 concentration (Fig. 3) . Changepoint detection showed significant changes occurring in the ambient average annual concentration of NO 2 in the years 1997, 2003, and 2009 . Changepoint detection also showed that there were three significant changepoints occurring in the total emissions from transportation, in the years 1995, 2002, and 2007 ; for each changepoint in transportation emissions there was a subsequent change in the total level of ambient NO 2 , i.e., following each significant reduction in transportation emissions there was a subsequent significant reduction in NO 2 within one or two years.
In 1991 the US EPA Tier 1 standards for vehicle emissions were published, and in 1992 Canadian manufacturers signed a Memorandum of Understanding (MOU) that established voluntary compliance with the US EPA Tier 1 emissions standards. These standards were implemented for gasoline-fuelled vehicles in the 1994e1995 model years, and applied to all light-duty vehicles. In addition cold carbon monoxide standards were adopted, and applied on the same schedule (U.S. Environmental Protection Agency, 2012). The impacts of these changes can be seen in the significant decline in transportation emissions in 1995, and subsequently (within two years); there was a significant change in ambient NO 2 in 1997.
In 2001 the Federal Agenda on Cleaner Vehicles, Engines and Fuels (Canada Gazette, 2001) was enacted, and the On-Road Vehicle and Engine Emissions Regulations were signed. In addition, during June of 2001, another MOU was signed with vehicle manufactures to align emissions limits with the US National Low Emission Vehicle (NLEV) Program. These changes marked a commitment to manufacture the same low emission vehicles in Canada, with stringent tailpipe standards, for the 2001e2003 model years. Additionally, the first rule under the Canadian Sulphur in Diesel Fuel Regulations was implemented for on-road diesel fuels in 2002. These legislative changes were originally aimed to reduce sulphur emissions, but their introduction produced a co-benefit where NO Â emissions levels also decreased from their implementation. In the year following these legislative changes there was a significant decline in the national transportation emissions in Canada, and in the following year (2003) there was a resultant significant change (decrease) in the ambient NO 2 levels nationally.
The year 2007 marked complete compliance and implementation of Tier 2 US EPA emissions standards for light-duty vehicles, and Phase 1 compliance for heavy-duty vehicles and heavy-duty engines. These standards included new fuel quality requirements that required advanced emissions after treatment (i.e., particulate filters and catalysts), technical standards for exhaust, on-board diagnostic systems, and evaporative emissions. (Witte et al., 2009) . Local changes in tropospheric NO 2 levels have also been shown to be directly proportional to local changes in NO Â emissions (Richter et al., 2005) . Longer-term emission reductions efforts in the transportation sector, i.e., replacement of older catalytic converters with newer ones, traffic restrictions, and emissions control strategies put into place by various legislations, have been shown to lead to decreases in ambient NO 2 levels in Korea (Shon and Kim, 2011) , the United States (Pinder et al., 2011; Vijayaraghavan et al., 2014) , and Scotland (Oduyemi and Davidson, 1998) . This is consistent with the results of the changepoint analysis in the current study; for each significant decrease in transportation emissions there is a subsequent decrease in the ambient concentration of NO 2 (within one or two years).
Correlations between NO x emissions from traffic and NO 2 levels are high. This indicates a rapid response between a decrease in emissions and a decrease in NO 2 concentrations in the atmosphere. However, based on changepoint detection, there is a one or two year lag between the decrease in emissions and the decrease in the atmospheric concentrations. Emitters failing to meet legislated requirements at their inception may explain part of this lag, but part of this lag is also likely due to an additional delay in the reporting of air emissions inventories. There is a discrepancy between the reported emission inventories and the observed air concentrations; this suggests that air concentration inventories are a true test of emissions inventories.
Conclusions
National concentrations of annual average ambient NO 2 have decreased by~9 ppb (47%) during the period 1988e2013. Total emissions of NO Â have also decreased by 32% from 1990 to 2013, and total transportation emissions and off-road vehicle emissions by 42% each.
Decreases in transportation emissions of NO Â have had the most significant impact on the decline in ambient NO 2 concentrations (based on observations dominated by urban monitoring stations). More importantly, significant changes in ambient NO 2 levels occurred within one or two years of legislated reductions in transportation emissions, highlighting the importance of emissions reduction legislation in driving rapid improvements in air quality. Additionally, the reporting of these reductions lags behind the actual reductions, and it takes 1e2 years for a reduction to be observed. With respect to human health, legislated changes in transport emissions have the greatest impact on ambient concentration in urban areas.
